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INTRINSICALLY GEL-FREE, R ANDO MLY BRANCWRD JOL yA MIDE 

C< 

The invention relates no a randomly 
branched polyamide comprising at least units derived 
from: 

10 l. AB monomers, 

2. at least one compound I, being a carboxylic acid (Ay) 
having a functionality v > 2 or an amine (B u ) having 
a functionality w > 2, 

3. at least one compound II, being a carboxylic acid 
15 (Av) having a functionality v > 3 or an amine (B w ) 

s == having a functionality w > 3, compound II being a 

^0 carboxylic acid if compound I is an amine or 

compound II being an amine if compound I is a 
fy carboxylic acid. 

;!f 20 in che context of this application, with 

gj the term "randomly branched" is meant that the 

= branching points are randomly distributed in the 

™ polyamide chain. 

M= Such a randomly branched polyamide is known 

25 from EP- 3 4 5 - 64 8 -Bl - However, a problem encountered with 
r? the randomly branched polyamide according to EP- 

345.648-B1 is that the randomly branched polyamide is 
not intrinsically gel -free so that, while the randomly 
^ branched polyamide can for instance be obtained as a 

30 gel -free melt, during further processing of the 

randomly branched polyamide, gel formation may ae yet 
occur. In the context of this application gel formation 
is understood to be a process involving the formation 
of a network in a polymer material. Gel formation gives 
35 rise to, among other things, the formation of visible 
inhomogeneities ("gels") during processing of the * 
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randomly branched polyamide into, for instance, films 
or fibres and no deterioration of the mechanical 
properties of polyamide objects obtained from the 
randomly branched polyamide. It is also known that when 
5 randomly branched polyamide is processed in equipment 
where local overheating may take place or where 
polyamide material may accumulate, for instance in 
extruders and mixers, it may contain strongly 
crosslinked polyamide. 

10 It is desirable to have intrinsically gel- 

free randomly branched polyamide available, in the 
context of this application "intrinsically gel-free" ie 
understood to mean that the composition of the randomly 
branched polyamide is such that it cannot form 

15 crosslinked polyamide (and therefore no gels) , in 
particular during the prepolymerization, the 
polymerization, the post - condensation , the processing, 
for instance into films or fibres, and the storage of 
the randomly branched polyamide, and this at a variety 

20 of ambient factors, for instance at elevated 
temperature and pressure. 

Although the prevention of gel formation in 
polymeric materials has been receiving a great deal of 
attention in practice, at this point of time neither a 

2 5 structural nor a systematic approach is known to 

provide an adequate solution to the problem of 
obtaining intrinsically gel- free, randomly branched 
polyamide from AB monomers. 

It is the aim of the inventors to provide 

3 0 such an intrinsically gel -free, randomly branched 

polyamide comprising at least units derived from: 

1. AB monomers, 

2. at least one compound I, being a carboxylic acid (A^) 
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having a functionality v ^ 2 oar an amine (B*,) having 
a f unctionality w > 2, 
3. at least one compound II, being a carboxylic acid 
(A v' having a functionality v ^ 3 or an amine (B w ) 
5 having a functionality w > 3, compound II being a 

carboxylic acid if compound I is an amine or 
compound II being an amine if compound I is a 
carboxylic acid. 

This aim ie achieved when the amounts of 
10 all units derived from carboxylic acids and amines in 
the polyamide satisfy formula 1 

* < 1 / [ <Fa - 1) . <Fn - 1) ] (1) 

15 where : 

P = [£ (n 4 .f 4 )] x / [£ (ni.fi)]* (2) 

where P S 1 and either X = A and Y B , or X = B and Y 
2 0 = A, and 

Fx = L (ni-fi 2 ) / £ {m.fi) (3) 

for, respectively, all carboxylic acids (X = A) and all 
25 amines (X «= B) , where fi is the functionality of either 
rhe carboxylic acid, (fi = Vi ) or amine (£ ± « w ± ) , ni 
being the number of moles of the carboxylic acid or 
amine and the summation involving all units derived 
from carboxylic acids and amines in the polyamide. 
30 In the context of the present invention AB 

monomer is understood to be a monomer that has both a 
carboxylic acid group (A) and an amine group (B) . 

In the context of the present application 



compound I and compound II are also understood to be 
mixtures of several carboxylic acids having the same 
functionality or mixtures of several amines having the 
same functionality . 
5 In the context of the present application 

carboxylic acid and amine are understood to be, 
respectively, a compound which, besides one or more 
carboxylic acid groups, does not carry any amine groups 
and the other way round. It therefore follows that 

10 units derived from carboxylic acide or amines in the 
polymer have a chemical composition that differs from 
Chat of the units derived from the AB monomers , 
Carboxylic acid group is in the context o£ the present 
application understood to be a group that can form a 

15 covalent bond with an amine group, for instance -COOH, 
-COHal (Hal = halogen) , -C0 2 R in which R is an alkyl 
residue with 1 to 2 0 carbon atoms and -S0 2 Hal (Hal ^ 
halogen) . 

In the context of the present application 

2 0 functionality is understood to be the number of 

functional groups in the carboxylic acid or the amine 
that can form a bond with other carboxylic acids, 
amines or AB monomers to form the randomly branched 
polyamide according ro the invention. A functional 
25 group that cannot form this bond, for instance a 

sterically hindered amine group or an aromatic amine 
group, is not considered as a functional group in 
determining the functionality. Likewise, the 
functionality is equated to 1 if two functional groups 

3 0 at a compound are both involved in a single bond with a 

third functional group, for instance two cooh groups 
that are close together which form an imide bond with 
an amine, for instance in the compound orthodicarboxy- 
benzene . 
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Preferably, the functionality v or w of 
compound I can be chosen from 2, 3, 4, 5 and 6. More 
preferably, the functionality of compound I is 2. 
Preferably, the functionality v or w of compound II can 
5 be chosen from 3, 4, 5 and 6. More preferably, the 
functionality of compound II is 3 . 

Eligible AB monomers are all AB monomers 
that can be used for the production of polyamides, in 
particular cco-aminc acids and/or lactams, for instance 
10 caprolactam, laurine lactam and dodecalactam, as well 
as the corresponding amino acide and aromatic amino 
acids, for instance p- (aminomethyl) -benzoic acid. 
Preferably, the lactam is c-caprolactam. 

Eligible carboxylic acids (A v ) are 
15 preferably difunctional carboxylic acids, for instance 
adipic acid, dodecane dicarboxylic acid, isophthalic 
acid and terephthalic acid and trif unct ional carboxylic 
acids, for instance 1 , 3 , 5 - tris (caproic acid) melamine , 
trimesic acid and trimeric fatty acids with 50-60 

2 0 carbon atoms as well as esters, and anhydrides of said 

carboxylic acids. Preferably, the difunctional 
carboxylic acid is terephthalic acid. Preferably, the 
trifunccional carboxylic acid is 1 , 3 , 5 -tris (caproic 
acid) melamine (TCAM) or trimesic acid. 
2 - Eligible amines (B w ) are preferably 

difunctional amines, for instance diamincbutane, 
diaminohexane , diaminododecane, cyclic amines, for 
instance 1 , 4 - diaminocyc 1 ohexane , 4,4' -diaminobicyclo- 
hexylamine , 1,3- and 1, 4-xylylcne diamine and 

3 0 trif unct ional amines, for instance trisami nononane and 

bis(hexamethylene triamine) . Preferably, the 
difunctional amine is 1, 6-hexamethylene diamine. 
Preferably, the trif unctional amine is 
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bis (hexamethylene triaminc) . 

Besides the units derived from compounds I 
and II according to the invention also other units 
derived f rom . carboxylic acids and amines may be 
5 presenc, for instance monofunctional carboxylic acids 
and amines (chain terminators) . 

Although the aim of the invention according 
to EP-345 . 648 -Bi is not the aim of the present 
invention, while said publication does not mention the 

10 measures according to the present invention, either, it 
does menu ion, besides a number of randomly branched 
polyamides that do not satisfy the measures according 
to the present invention, also a number of randomly 
branched polyamides which coincidentally satisfy the 

15 measures according to the invention. These randomly 

branched polyamides are excluded from the application, 
more specifically the randomly branched polyamides that 
are built up of units derived from carboxylic acids (A v ) 
having a functionality v and amines (B w ) having a 

20 functionality w, in the following amounts (in (junol/g of 
polyamide) -. 

- B x (20) , B 3 (60) and A 2 (20) 

- Bi (10) , B 3 (60) and A 2 (3 0) 
25 - Bi (120) , B 2 (30) and A 3 (60) 

- Bi (150) , B 2 (3 0) and A 3 (70) 

- B a (170) , B a (30) , A 2 (60) and A 3 (&0) 

The intrinsically gel -free, randomly 
3 0 branched polyamide according to the invention can be 

produced using methods known to one skilled in the art, 
both via a batch process and via a continuous process. 
According to a first embodiment all AB monomers , 





according to the invention in a reactor at a suitable 
temperature and pressure. According to a second 
embodiment the 'carboxylic acids and amines are added to v 
5 a melt of a polyamide comprising units derived from AB 
monomers . 



according to the invention can also. contain the 
customary additives, for instance flame retardants, 
10 fillers, release agents, lubricants and colourants. 



branched polyamide according co the invention is 
eminently suitable for the production of fibre, film, 
foams and moulded articles. In particular, the 

15 intrinsically gel-free, randomly branched polyamide 
according to the invention is eminently suitable for 
the production of thin film, in particular flat film. 
The inventors have established that no gels could be 
observed in said thin film obtained with the polyamide 

20 according to the invention. Another surprising 

advantage of the polyamide according to the invention 
is that no or hardly any neck- in occurs in the 
production of flat film. Neck-in is the decrease in the 
ratio of film width to die width during the film 

2S forming process. This surprising advantage allows films 
to be formed in a simple manner without the known 
attendant measures to prevent neck-in, for instance 
cooling of the film edges during the film forming 
process . 

3 0 The invention therefore also relatcs _to a 

process for the production of film obtained from the 
polyamide according to the invention, as"well ae to the 
film obtained with the polyamide according to the 
invention . 



The gel -free, randomly branched polyamide 



The intrinsically gel-free, randomly 



\ 



f 




6 - 



The invention will now be elucidated on the 
basis of examples, without however being limited 
thereto . 

Examples I -VI 1 1 — : G raphical developmerLt__of the gel-frog 
concentration ranoe • 

For a number of combinations of carboxylic 
acids and amines (Table 1 ) , formulae (l)-(3) were 
developed into a graphical representation 'for a 
combination of three carboxylic acids or amines 
(Figures 1-8), without however limiting the invention 
to the examples given. In the"figures it waT~shown what 
amounts (expressed as mole fractions) of units derived 
from carboxylic acids and amines an intrinsically gel- 
free , randomly branched polyamide can contain. In the 
concentration range indicated by small circles the ^ 
randomly branched poly amide is non^intringicalj^y gej - 
■fcree . It is remarkable to note that the intrinsically 
gel -free nature of a randomly branched polyamide does 
not depend on the absolute amount of units derived from 
a carboxylic acid' or amine, but only on the relative 
ratio of the units derived from the carboxylic acids 
and amines. This also means that the intrinsically gel- 
free nature of a randomly branched polyamide according 

to the invention does not depend on the amount^of units 
derived from AB monomers. A third remarkable fact, is 
that in the polyamide according to the invention all 
units derived from carboxylic acids can be— replaced by 
amines-? and- the other way round, without this changing 
the gel-free nature -ol-a- polyamide . For instance, the _ 
concentration range for the units derived from 
carboxylic acids A x and A 3 and the amine B 2 is the same 
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as that for units derived from amines and B 3 and the 

carboxylic acid A 2 (Figure l) . 

Table 1: Combinations of carboxylic acids and amines 



Example 


Carboxylic acids 


Amines 


Figure 


I 


A x , A 3 


B 2 


1 


II 


Ai, A 3 


B 3 


2 


III 


A 1# A, 


B, 


3 


IV 


A I, A4 


B 3 


4 


V 


Ai, A s 


B 2 


5 


VI 


Ai # A s 


B 5 


6 


VII 


Ai, A 6 


B 2 


7 


VIII 


Ai, A 6 


B 3 


8 



E^P.^tion of g^l-free, randomly branp he.d...Polvamides 
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Process 1 

100 g of E-caprolactam, 1 g of s- 
aminocaproic acid, 2 g of water and varying amounts of 
carboxylic acids and amines (see Table 2 for the molar 
ratios) were mixed in a glass tube at 90 B c. The tube 
was equipped with a reflux cooler and was purged three 
times with vacuum/nitrogen before use, following which 
che reaction mixture was heaced co 260-270 °c in a 
nitrogen atmosphere and was subsequently kept at this 
temperature for 11 hours. After cooling, the tube was 
broken and its contents ground and washed three times 
in boiling water so as to remove any unreacted 
caprolactam and low-molecular oligomers and 
subsequently dried for 24 hours in a vacuum at 6 0 *C- 
The polymer obtained was white. The washed and dried 
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polymers were subjected to a number of analyses such as 
melt viscosity and intrinsic viscosity- The melt 
viscosity was determined using a Rheometrix 800 
plate/plate apparatus as so-called zero viscosity at 
5 23 0°C, in other words the dynamic melt viscosity at 
zero shear force. The intrinsic viscosity was 
determined by means of a three-point measurement (3, 4 
and 5 g/1) in 85% formic acid at 25°C. All polymers in 
Table 1 were prepared in this way. 

10 

Process 2 



caprolactam, 35 g of e-aminocaproic acid, 70 g of water 
and the varying amounts of additives were combined. The 

15 temperature of the reaction mixture was kept at go°c 
for 5 hours, after which the mixture was heated to 
2 75 °C in about 2 hours and was kept at that temperature 
for 5 hours. Subsequently, the temperature was lowered 
to 240 °C in 60 minutes and kept at that value for 3.5 

2 0 hours. Next, the reactor contents were drained in a 

nitrogen atmosphere at 1 bar overpressure. The polymer 
thread flowing out the reactor was cooled in ice water 
and chopped into granules, which were washed with water 
at 100*C and subsequently dried. 

25 

Pogb-condensat ion : 

The polymer obtained by means of processes 
1 and 2 was post -condensed for 10 hours at 190°C in a 
vacuum and with a nitrogen leak. 

30 

H^n^> I e s j.Z- a'XXXX 

Process 1 was used to prepare a number of 
polysmides, the compositions being given in Table 2. In 



In a 5-litre reactor 3.5 kg of s- 
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none of the polyamides was crossl inking observed during 
or after the polymerization. 



Table 2: Intrinsically gel-free polyamide compositions 
5 (amounts in moles) . 



Ex. 


Ai 


Bi 


A 2 


B 2 


A 3 


B 3 


AB monomer 


IX 


1 


- 


- 


0 .23 


0 . 25 


- 


300 


X 


1 


- 


- 


0 .5 


0 .5 


- 


300 


XI 


1 




- 


0 . 75 


0 . 75 


- 


300 


XII 


1 


- 


- 


1 


1 


- 


300 


XIII 


1 


- 


- 


2 


2 


- 


300 


XIV 


- 


1 


0 ,25 


- 


- 


0 - 25 


300 


XV 


- 


1 


0 . 5 


- 


- 


0 . S 


300 


XVI 


- 


x 


1 


- 


- 


I 


300 


XVII 


- 


1 


2 


- 


- 


2 


300 


XVIII 


1 


1.25 


- 


0.25 


0.25 




300 


XIX 


1 


1 . 5 


_ 


0 - 5 


0 . 5 


- 


300 


XX 


1 


2 


_ 


i 


I 


_ 


300 


XXI 


1 


3 




2 


2 


- 


300 


XXII 


1 


1.5 


- 


0 .5 


0 . 5 


- 


3 00 


XXIII 


0 . 5 








0 . S 




300 


XXIV 


0.33 






0 . 67 


1-33 




300 


XXV 


0 . 5 






0 . 5 


1 




300 


XXVI 


0 . 6 






0 . 4 


o - a 




30C 


XXVII 


0 . 67 






0 . 33 


0.67. 




300 


XXVII 


2 






2 


1 




300 


I 
















XXIX 


0 . 67 






0 . 67 


1 




300 


XXX 


0 . 5 






0 . 5 


1 




300 


I 


0 . 57 






D . 29 


0 . 57 




300 


XXXII 


1-33 






1 . 67 


1 .33 




300 



/J 



Explanation of the a bbreviations : 
Aj. - benzoic acid 
Bi : hexyl amine' 
5 A2 : adipic acid 

B 3 : hexamethylene diamine 

A 3 : 1 , 3 t 5-tris (caproic acid) melamine 

B 3 : bis (hexamethylene) criamine 

AB moncmer : s-caprolactam 



Comparative examples A-G according to EP-B1-345 - 638 

Process 1 was used to prepare a. number of 
polyamides, their compositions being given in Table 3. 
In all polyamides crossl inking was observed during or 
15 after the polymerisation. 
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S^lgnation of the abhrpvi ation-^.- 
Ij-252 : 3 -amino- 1 -cyclohexyl -aminoprcpane 

N-TEA : nitrilotriethane amine 

ADS adipic acid 

5 TMS : trimesic acid 



Mechani ca l properties; of thp nolyamidg ^ rrnrdi ng to the 
invention 

Surprisingly, it was also found that the 
10 polyamide according to the invention combines a high 

melt strength with a high melt drawing degree compared 
to non-branched polyamide. This is shown in Figure 9. 
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